
fED'^i166..i209\,- 




pNOTBv . - 

^D;li||ERicE;^:.; 

IbjSCHlPTORS, 



DOCDHEHT-fiESDME, 

■ • \- 
S5 



TH 007 803 



Stelmachr George E, V > 

assimilation and Developmental Processes of a • 
perceptual Trace in Kinesthetic Memory and a .Ho del of 
Kinesthesis. Final Report* ^. ' • - 

•National Inst, of Education (DHEW) , Washington^ D-C^ 
Office of Research Grants, - - 

'1 Apr 78 • ' / 

NE-G-0d-3Tq099 

"ttsp, ■ • ■ " : — ; — 

ilF-$0.83 HC-$2*05 Plus Postage. . 

Behavioral! Science Research; *cognitive. Processes; 
Feedback; Learning Activities; Learning Processes ; 
♦Literature Reviews; Memory;. Ho,tor Reactions; 
Movement/Education; *Observational Learnin;g:; 
Perce|)tual Hotor Coordination; '^Perceptual Motor 
-Learning; *Psychomotor Skills; 

.•Development.-: A ■ ■ ..^-^ 



;&'ABS TRACT 

f • ■ . T h'e prp j e c t 

zSlinf orma tion \ on the memory re 
l^learner makes a simple novem 
l^^what is abstracted from the 
|^Veprod\UCtion of the second, 
il^was that unless basic knowle 
iK55feepresentedr stored and retr 
If Ji-each < motor skills will be 
ii%<^ries^ of experiments which 
||%^^e5rp^"'To^ the contr 

Jlf-Findlngs that examine the re 
I'tperiphQral components in sis» 
^Educational implications are 



described here focused on obtaining basic 
presentation of movement 'S'timuli*^;» 
eat and is later asked to reproduce itr^ 
first movement- th^t^^llows accurate 
The underlying a ssump^tion of the pro ject 
d^e about how, movementlinf ormatipn is 
ieved, practical I considerations on how to 
11-fouaded. Thus ! this report describes a 
were directed tojward that goal ^ 
ibutions of move'meht information* 
iative contributions of central .and 
pie- movement Gon4:rol are summarized, and 
presented* (A ut'jior/SD) 



- ' Reproductions supplied by EDRS are the ^^ b^^^ be made 

from the original - document* 



' •' ?■>'-■!"--■ ■■■■ 



* 
* 



. - ^ — ^ ~ • , FINAL REPORT • scope of interest notice 

" ' % ' * . ThcEmcFacH.tyhasa^«* * 

::x / { ^ for 



„s document lof^el^f" 



CD 
Ui 



■ CO 
00 

o 

, o 



^National Institute of Education ^ 



Grant ]5E-G-0O^3*O099 ' 



points of view. 



^iO^^^^^^^^^^^^^ V- "Assimilation and Developniental Processes of a Perceptual Trace 



in Kinesthetic Memoiy and a Model of Kinesthesia" 



V George E. Stelmach 

I ^ University of Wisconsin 

' • ' Madison, Wisconsin 53706 



AprU 1, 1978 



The research reported herein was performed purstiant to a gran-i^ vlth the 
ilational Institute of Education, U.S. Department ofN^ealth, Education Mid 
Ifelfare. Contractors undertaking such projects tinder Government sponsor- 
ship are encouraged, to express freely their professional judgement in the 
conduct of the project . Points of view or opinions stated do not , there- 
fore, necessarily represent official National Institute of Education posi- 
tion or policy. 



\^ U.S. DEPARTMENT OP 

■ \ ■ . ■ . N, ■ ■ ... } ' 

' ^ HEALTH, EDUCATION AND VJELFARE 



NATIONAL INSTITUTE OF EDUCATION 
OFFICE OF RESEARCH GRAHTS 



ABSmCT ■ ' ' - 

. . ' ^" ' 

^ . > 'J 

The project described here foctised on obtaiiiing taoic information 

cm the memory representation of movement stimuli. When a learner makes - 

a simple movement and is later asked to reproduce it , yhat is abstracted 

from the. first movement that allows accurate reproduction of the second? 

The underlying /assumption of the project was that unless hasic knowledge 

about how movement information is represented, stored and retrieved, 

practical considerations on how to teach motor skills will he ill-founded. 

ThTiS the report describes a series of experiments directed toward that 

goal. Systematically, experiments are reported that attempt to isolate 

the coiitrihutions of movement information. Ilhe report sunmarizes the . 

findings that examine the relative contrihutions of central and peripheral . 

components in simple movement control. The subsequent section, (appendix). . ^ ^^^^. ^ 

gives the actual experiments that were performed in their puhlished form. 



; ■ '/'The ■study ot motor ,^'ehavior deals. primariO^ wi^^ humai! leaa^s ' 

and controls His !Ht3^^emen'c3 in the enviro,nment . Despite great interest, %ja ■ " 
this iiop-ortant aspect of human hehavior, little 'is actually kno--m about the 
acqtiisition' and retention of movement patterns and skills. With increased 
leisure tiiie becoming .more apparent in the United States, one of the educa- 
tional goals of many physical education programs acros the coimtry' is to ..: 
teach the average 'student fundamental movement patterns"ErwelX as' iiecific 
sport •sKills . Equipped vith these skills , students vould be able, to partic- 
ipate in life-long leisure activities vhich provide a good balance with their 
professional careers. Without scientific research, knowledge about the 
learning process may he difficult to obtain arid can only hinder the accomp- 
lishment of these educational objectives. , 

A contributing element to the lack of knowledge of the motor learaing 
process has heen the preoccupation vith applied research.-~This type of motor 
skill research has i,een coricemed^^th answering specific problems such as how 
to kick a ball, how to drive a car and how to operate a machine'. Even with, 
this concern for obtaining" useful knowledge of learning and performance in- 
- many tasks , applied research has. yielded disconnected pockets of .information . 
which have iacked.general scientific principles (Adams, 1971). Tb fuljy 
understand the acquisition process of is desirable to' . 

work from a theoretical framework Which tries to uncover the general/princi- - 

^ pies of motor learning.* ' . 

-T5rtu5aeel3^ ^sc^ 



sihmidt, 19T5) have been postulated which contain a. conceptual fr^^^^ 

1 =.,-_-,-~=.-~-3J-^4.-4^^^ . ., 



others in experimental psycHology- have evolved, from behaviorism or S-R 
psychology which had donlnated fexperimental psychology 'for more than a 
century,- Rather than viewing the learner as a passive recipient of en- . 
viroiuBental stimuli, these information processing or cognitive theories 
view the learner as, an active decision maker and organizer of his own actions. 
.'Also,i these theories assiflne tnat a numher of 'fcentral processes exist within 
the- learrier that transform' enVironmental stimuli into useful information which 
is tised fco "base his thoughts -aBa actions iipon- 

. 2he acauisition of motor skills is in many respects dependent on the 
retention of past movements since it is quite clear, tfaat more accurate res- 
ponses are unlikely if ^ the memory of previous, movements fails. 'Ehus. at the 
heart of information processing accounts of motor-Trearoing are variahies 
vhich influence the retention of movement. Many, of these varialJles have 
: been localized atTeripheral origins such as visual and proprioceptive 

feedback and are dependent on the results of movement. Rather recently, 
■ other, variables influencing movement retention liave been shora to be of more 
central origins and ;are apparently dependent on the learner's active 
organization of his movements . The approach taken in th'is project over the 
- past four years has been to study the relative, contribution of peripheral 
; and central components of motor skill. "This report reviews and sumarizes 
the experiment's, condUicted -in :W 1^^^^ the' last four year^hat 
have application to the~ memory repres entation of movement . - ^ 
Peripheral -andJIentml Component s of Movement Betention . 



The learhihg process can be epitomized as a constant interaction be- 
Aweenlthe^learaer^ndjhelenvirp^^ 

must be based upon.the interpretation of environmental stimuli [through ... 
t-n« visual, auditory and proprioceptive modalities. Thus, feedback from the 
environment as weU as from the learner's actual moveieiits isHhought to 



play m iiflportant >ole in the acquisition and retention process .. Tiie contri- 
■l3Utiott of feedbWk-, a peripheral component of movement , has' heen extensively 
3ftuaila in my laboratory . ..Along with investigations which have s'tudied , / 
^bebavioral teehniaues designed to maaiipiaate feedback, a number of :,• 
• «xi)ei?iments are reported which have examined the relative contribution Mt 
proprioceptive orisual--and-mdiW^-f retention, of movement. . 

Proprioceptive feedback has beer^ shOTO to subserve many movement cues 
such 03 position^amplitude; spied and'acceleration. T^^ various types 
of movement information, could pbtenti ally be stored in memory and be one 
basis for movement; retention. Several experiments have been conducted^ in , 
thB project specifically investigating location (position) and distance 
(amplitude) cues and these axe reported. 

number of experiments have been performed concerning the influence 
of one movement on the production; of ajQother".. - Most of the available 
' evidence points to' a peripheral mechanism, pf this so-called "response • } 
biasing" effect.., These studies which have composed a substantial part 
of my research progrsm are reported. 

Until quite' recently, the central components of skill acquisition 
and retention have, been largely ignored. One central component of the 
movemeat retention process is the maimer in vhich^ithe learner actively, 
rehearses ol- maintains movement information in memo Another central • 
p^cess Which has -been shown to^ be; a determiner of movement retention is 
- ^e active or gstestiDtT^B^idr^^ movements. Both 

of these central components: have' r^^^ experimentation in 

;!t'this-.-proJert " v-;; v,.:,;;. ' ' ■ ■ •/ ■'' ''''^^'^r' y: ^ ; '-y^/ }t\y 4 v,:; 

. , jnnpjgsearch Questions . Perhaps the major contemporary issue in »°tor 

'_beha;^rior_,reseai^h„cbncferrii-the deVel5^^ a"centi^l or internal-memory ^: 



:representation wiiicli;is postulated , as necessary for gTii ding and controlling 
■Bovenieixt. . Waether it is hypothesised -as a perceptual trace (Adams, 19T1), , • 
a- schema ;(Pew,;197U; SchMdt , 1975) , a neural model (Sokolov, 1969), a spatial, 
•reference or coordinate system (Lashley, 1951-, Paill£rd.& itouchon, 1968)* a 
.^standard (Laszlo & Bairstow, 1971) , or a template (Keele, I968; Keele & 
Summers, 1976) there seems to he universal agreement : that some such a«ent • 
is critical for SGVominB Hiovement. The f'ondamental concern for vbich 
sources of infdnriation are actually used in developin 
tion for movement is the focus of this proj ect . 

Clearly, there are a variety of information sources vhich can; Contribute 
, to the development of a memory representation (e.g., vision and audition). 
Oh 'the other hand, there are mai^^ vhich the learner must depend 

on cuesarising as the results of his ovn movements, per se. -Such cues are 
"thought to he hased on proprioception, the encompassing term foi^the" modality ^ 
subserving sense of position-and movement^ In addition,, it has heen hypothe- 
sized that the central nervous system also has mechanisms available hy which 
it can inform itself as to the intended output (Merton, 1970).. Thus movement 
infonnation can be considered as "peripheral," in the sense that it arises 
from proprioceptive receptor, organs stimulated as a result of movement or 
•..'•central," Iki the sense that internal information i^generated prior to the 

• occiirrence of overt movement - ^ / 

.:• '.The relative roles of peripheral and central infonnation in movement 



. . • coding have-yetri:cr^b^^tssea^d^8S3^ ■ 

^ primary questions addressed in this project focus on the .r^c4ptor and 
effector mechanisms involved when a subject produces a^mator response aJid . ; 
is.later asked.to-duplicate it. ^fliat information-does ;the subject. rely oh • 
•,; in this situation?.. What does, he encode? _ .And what _is _the .imt^^ of the .. . - 
^ '^:^^e^ code on which reproduction is hased? ' . . 



Ay Fgri|>heral Componeitts ' 
^S;«£sa'f[^ motor porformance is no doubt dependent, on . 

the interplay' 1^ peripheral and central mechanisms of the body., 

Peripheral.:cong)onents sure assumed to be localized at the various sensory . ■ 
receiitors which .transmit TOvement information. . With limb movemeirb , it^is . 
veil known that kinesthetic feedback cues can arise from a variety o^^^^^ 
sources.^- Joint position receptors, muscle spindles, and cutaneous senses. 
Additionally, feedback can come from a variety of sources associated with 
the movemef^t via certain modalities. Often, auditory "and ^v ^ 
accompany a movement along with proprioceptive infoimatiop:! ttoiy models 
and theories of- motor -performance have delegated important role . feedback. 
EsSeiitially these clossd-loop "theoj-ies assume that-ongoing feedback is 
coKtpared against jsome internal reference of the correct movement and^^^^^ 
discrepancies are treated as errors to be corrected (Adams , 1971; Anokhin, 
1969; Bernstein, 196'T; Schmidt, 1975; Sokoloy, 1969). / 

1. Feedback and motor control. The importance of proprioceptive 
information can generally be assessed by either reducing or increasing its 
presence ditririg the performance of a motor task. ■ Its importance is in- 
ferred if either a reduction of its presence hinders performance or a 
heightening of its presence is facilitory. While motor control has been 
demonstrated to be independent of proprioceptive feedback in certain 
insects (Wilson, 1961), amphibia (Szekely, Czech & Voros, 1969) and mammals 
(TaubJ'Perrelia, & Barro, 1973), the findings for man are less conclusive/ 1,, 

■ . -: V... , ,■ ...... .. ^ ■ r"^ • •• ■/■- ■. '■ ■ 

(Lashl'ey , 1917) . A principal drawback to the' investigation of : such phe- 



nomena-in the latter has been an inability to'"eliminate"~i£fo]ma±i^J 

the" kinesthetic modality. Since surgicaf deaf ferentation, being^he common 

technique, utilized in studies -of -motor- control-on-lower' phyla, is not 



ejpperiinentally 'possi-ble in hman subjects , a variety of methods using 

jfeea?)orary nerve -blocks has been adopted (Merton, 196^; Provins, 1958). 
Common criticisms of the latter haye been. directed first, /to the question 

•of vhether such techniques eliminate all movement feedback, and second, 
to vhether they are sufficiently selective to only impede tactile and kin- 
esthetic afferent processes, without incurring similar -and conjunctive 
detrimental effects on motor systems . ' ' ; : - , 

Qaite recently, assumptions have been made "regarding "the nerve com- 
pression block technique'^ which deny both of the above criticisms. Implicit 
to ^the use of lihis technique is the fundamental postulate that function in 
nerve fibers .and receptors subserving kinesthesis is eliminated 5-10 min. 
prior to that in those subserving' motor function, thus alloying^/ time 
interval in which en experimental^ task can be investigated prior to the . 
onset of motor impairment (Laszl^o & Bairstow, 19Tla). On the^/basis. of this 
assumption, decrements in performance found under nerve block conditions 
have been attributed*solely to the reduction of kinesthetic . feedback . 
(Docherty, 1973, Laszlo, 196Ta), although ^Keele (1968), in his review, has 

V alluded to the possibility that some of the decrement f bund in Laszlo 's 
(1966, 1967b) work may also have been due to efferent damage. ^ 
\ ■ Such a conclusion might indeed be-overpawn inaight of electrpphysio- 

^ logical evidence which indicates that nervel fibers responsible for 

kinesthetic infoi4ation transmission and motor function have very similar 
mllron'diameters (Boyd & Davy, 1968) and conduction velocities (Buchthal 

..V---- ■ ■ ^ ' / r 

& Rosenflack,1965). Furthermore, relevant research indicates that neural 
indxiced W y^oximatic cuff, (mierton, 1963; Seneviratne .& Peiris, I968). 



to 



Thus, there "appears to be little physidogical support for a functional , 

dissociation between sensory and i^tor fibers in the .manner claimed by 

proponents of the nerve compress ion-block technique. It seems possible, 

- ■ i 1 

therefore, that decrements in motor performance found under block conditions 

cbuld.be due to a combination of impairment in both neural mechanisms. 

■ WhilTTtch -questions have traditionally proved difficult to answer, 
it is proposed that an analysis- of nerve fibers can be determined. In 
particularymotor nerve conduction parametersV presents one method by which ^ 
the functional status of the nerve fibers can be deteniiined. In particular, 
motor nerve conduction velocity (NCV^ and the amplitude of the evoked 
action' potential under nerve block conditions woiild appear to be = of sigt^ifr 
icance to. the "issue of motor impairment. .1 Reduction in motor HCV is knowi 
• 'cause dispersion of impulses ai3 they reach the muscle resulting in a less 
synchronized activation and consequently less summation of the individual 
mscle fiber action potentials. S^ch denervation limits the usefulness of 
the muscles (Hodes, Larragee, & German, 19U8). Similarly, since amplitude 
serves as an index of the number of muscle fibersconcerned in contraction 
(Harvey & Masland,19lH), a reduction in the number of innervated muscle 
fibers would cause a-decrease in amplitude , and consequent decrements in 

motor function. \ \ 

Findings such as these, should they occur prior to or in conjunction 
with kinesthetic information loss, would present serious methodological ^ 
-rT>i!obl-eins^or-W^-e-rve--cbmp ^ 
Furthermore , since the function of the motor program in the movement control 
niodel-proposed-by-L-aszlo--aad-BaiTStoW-( 1971b-)- isHo-serect-the-appropriate 



motor units in correct spatio-temporal sequence (Keele,' 1968, 19T3), and 
since the motor units depend on normal neural impulse transmission for 



proper runctloniiig (Marinacci ^ 1968 ) , no drastic decrements in motor nerve 

conduction should be observed under block • conditions until 5-10 ndn • after 

Vlne0thetic feedback has been effectively eliminated • 

■ / ^ ' * . - ^ • 

..^ Thus, two studies performed in this project vere designed to examine; 



the viability of the nerve compression^ block procedure' in assessing motor . 
performance after kinesthetic feedback elimination. In.the f irst . experiment : 
(Kels'oV Stelmach & Wanamaker, 197^; see Appendix) by monitoring nerve con- ■ 
duct ion (namely, conduction velocity and amplitude of the muscle action 
potentiai)" in the ulnar and median nerves of the upper preferred limb vinder 
compression block conditions V we found; progressive decrements in neural 
transmis s ion as the block p rogre s s ed . Little neural . function remaine d at . 
the time that -kinesthetic "tut off " was assigned {2k .9 min) . Contrasting ^ 



with several of Laszlo's studies (Laszlo., 1967r Las2lo-, Shamoon and Sanson- 
Fisher, I969) most subjects lere'u^ a simple tapping task at 

that point, even after repeated block applications . We concluded from this 



experiment that the techniq.ue confounded kinesthetic loss and motor 
impairment/. 



/ 

Since the apparent discrepancy between L'aszlo's and our vperformance 



data could hinge, around the assignment of kinesthetic "cut off it seemed 
inrportant to .us to monitor motor performance in conjunction with sensory 
discrimination without assigning ta!ctile and IdLnesthejtic endpoints . There- 
fore, in the second experiment (Kelso, Wallace,^ Stelmach 8s Weit?', 1975; 



see-'Appendix) performance- on-a-tapping- task was assessed in relation to 



sensoa^y. discrimination throughout the duration of the block • On the 
assmptions of the nerve compression blVck technique, efficient motor per- 
formance should be possible when subjectV can no longer discriminate tactile 



1.^ 



*'^^Sii^^kiiestHeiac stimuli . . The I findings indicated; howeVer that significant 

■ ■ . • ■ ... - ^ I '- . ' , 0 

■ kecrein^nts in .tapping measures occurred somewhat earlier in the time course . \ 

of the block than decreases in kinesthetic discrimination. Also, contrary > *s 

/ ■ • . ■ - ' ■■ ' ■ ' ' . ■ " \ .i 

to assumption, the majority of subjects ceased to perform prior 'to total 
kinesthetic loss.". The data suggested that motor impairment's a crucial ' • 

issue -in' the vise of this teclmiaue, and provided' further behavioral support . | 

■■; : ■■■■';, :>•.. .:::. !■. , ■ . ■ : ..v I ; ■ , ■^I'r^/-^^ 

for the neurological findings of the previous study. ' . / ^ 

Ed4ati onal Implications . In recent years the nerve "compres"sion- ^ 

block technique" has been utilized extensively as a means of investigating * :^ 

- ' motor^ /control in' the absence of kinesthesis . ' Wi^th this method the conclusions ^ J,; 

dravn'have questioned the importance of kinesthesis in motor skill acqui- / . V 

, \ ■ ■ ■ ■ ■ ■ ' V^^ 

■ sition. These findings, if. proven to be correct., vould have far reaching ° ^ v.^^ 

implications for the teaching of motor skills. Not only would less atten^- --^^ 

■ tion have to be focused on kinesthetic cues, but greater emphasis would have 
to be placed on selecting and developing motor programs or internal models. 
This view contrasts sharply with the views of teachers' of motor ^.skills who 
•are.currently directing the learner's attention to kinesthetic cues and 

;j emphasizing kinesthetic awareness. , " . y:Ji 

The results of the experiments performed seriously challenged the --j^ 
•fikdirig of tW previous ^^ r It was shown that previous investigators 

failed l^o consider the motor impairment isVe vrhen us^ng the nerve block . , 

: . technique.' xThus these experiments .^have tenured the view tKat motor skills ^ '| 



In the two previous Studies, performance on^a relatively well learned ■ y;^^ 
' 'tapping task, was exajilned. Motor skill research is'^also concerned with the , , 
■• /acqisition and retention, of new -movements . ^ Proper eaqierimental control • - " 
■-V" often, demands certain limitations with .regards to the type of responses to,ygfJi 



PDir"\"r-- ■ - ; >. " '■ ''^Xr,'iW^M 



SI" 



.•;'\:2.- Feedback and short-term ret .pnt.lon of moveiaents. The concern of , 

U'V 'ihe tvo previous studies vas to determine whether proprioceptive feedback 

-. /aids or enhances motor control. Another question of interest is vhether 

•S-.. ' feedback contributes to the memory representation of movement. I have 

1^' ° argued elsevhere that to make an accurate reproduction requires a memory 

•" '"' • trace about a past movement and immediate ongoing feedback from the re- 
?->-'.''■ ' . . \ i' • 

■ spending limb.' Presumably,' the subject moves until the ongoing feedback 

nmtcfies 'a memory trace held -in storage. \The stijength of k given trace is 
thought to be a f^mction of the 'amount "of feedback" and. the^xpo sure to It 
(Adams, 1971).- Previous "studies have demonstrated that there is memory loss 
.over shbi^t periods of time 'vith_ unfilled retention '^intervals, _._Most likely 
'this forgettini-is due to a rapidly f crying m^^ 
1966; Posner, 1961; Stei^cii, 19^^^^ 
^ Marahall; & Goetz, (1972) , using vakous cp^^^ 
^ d^onstrated that fc4-getting is^elated iio the 
V]} ■ availabl^. Xith absolute ^rror, fo^etting w^^^ 
11^ great under minimal^ fe^edback conmions .: 

pi . to produce a strc^nger.trkce, thereby allowing tl^soib^^ 
' discriminations at .reprodtxctibif: Since only V one ^iea^^^^ 

. waa usecl ^d theri was considerable forgetting' withf re^cedj feedback, a 
trace decay Interpretation -was support ' • " , 

It is; generally thought that feedback p^^ ^ 
, learning., thus the .generality, of this foregoing find^^^ 
' tioning task shc^ald be predicted l^r other i^^^ 



II 



; demonstrated in the past that generalizing frolTone task to another is' , ■ . 
'^ottek tenuous. For this reason, I" exMnined whether augmented kinesthetic 
' feedback on a lever task aids' reproduction compared to a minimal feedback 
•condition (Stelmacli, 1973; see<Appendix),. A second question-vas,: if a 
memory trace is strengthened, does it decay at a slower rate than a non- 
augmented one? The ta'sk involved the reproduction of movement which was 
> initially presente-^ under heightened or minimal feedback conditions. 
The "augmented feedback condition consisted of the presentation and repro- 
duction of a movement with visual, auditory and heightened proprioceptive 
cues; This was accomplished by the experimenter opening a shutter, so 
that the subject coiad see his. movement, engaging a clicker, allowing the 
■ subject to hear his movement Ld by applyirig increased tension, thereby . • . 
■provlding^ heightened proprioceptual cues\o the subject. Hinimal feedback 

conditions "consiste^"of no. visual and auditory^ cues ' and mihimal proprio- 

z.:! ■./...r.' -X. ■ ., ■ \ ''^^ i -,^v^'..-,- 

■' . • \ ' ' • ' . •. , ■ 

cepiivie cues , (absence of tension;. • , ■ ^ < 

Au gmented feedback was found to markedly rPfiuce errors at reproducUm 
■ . accuracy. Apparent]^ the additional feedback provided a^stronger trace and 
- at reproductioh it^vas easier for the subject to match the ongoing: feed- . 
^' Wrk^hen that of the trace in ; storage. ^ 

eEn important variable in studying short-term movement retention . This 
' : r^ult i^^^Td-th the findings of Adams et al.. a^^ lineai- ' 

•..pos^tioni^task, they also found increased feedback markedly reduced 
'^ieproii^Uon- error. In addition, the ^ 
that a perceptual trace is .imprinted with feed^^^^^ 
' and .its,.strength is detepdned.by the amount of : feedback available : , ] 
Yet, the dimculty with this study was that it could not deliniate 
<the Relative contribution of the three modalities being, m^^^ The 
; sl^or reproduction of the augmented feedback condition over the minimal 



, 'conditirm pouI rl havxs l>o©n\ duft to he^ishtMcd visual, auditory, or proprio- 

• 1 - \ " - 

ceptive cues or .perhaps some combination thereof. An experiment . was 
'•performed (Stelinach\& Kelso, 1975; see Appendix), using a slightly different 
- orHerA to determine the potency of each modality in the e stab - 

lishm^nt of an ijatemal representation of movement. Five different feedback 
' conditions we!re ixsed. In the minimal feedback condition; vhich served as a 
control group, the subjecrt received no visual, auditory or heightened proprio- 
captive infonnation. In a visual condition, the subject could see his hand 
and arm-be'xlisplaced at the leVer 'during the criterion presentation and 
reproduction;** Similarly, in the auditory condition, the^ubject-was-able^to ^ 
hear his lever .movement s\v--Heightened -proprrdcept^ provided in • 

another condition vhile in the last group, \ubjects received feedback inf or- 
iratibn^^^ manipulation of all these modalities. The hasic finding was 

that the group which had heightened, feedback from all "modalities and the; 
grou p which h ad only heightened visual^f eedback were not si^ificantly , 
different from each other "but both were superior toV the remaining: conditions',. 
Adams' (19T1) closed-loop theory asserts that\the ,strength of a given move- 
ment trace . is dependent on the amount of practice and feedback impinging - 
upon it. Adams, Goetz, & Marshall (l972) --eind I (Stel^nach, 19.73) have pro- 
videdWidehce to support this notion; hoth investigations finding that 



P aiigmented feedback provid reproduction \errors in 9'omparison 

to a condition where the subject had minimal proprioceptive information , . With , 

" regard to'this • experiment , the data suggested that vision may be more important 
ih strengthening the crit^ don trace, since kinesthetic and auditory cues ijy^^ 
/themselves did not seem to affect reproduction to any great degree . This 

/ finding. a^eeS with Adams and Goetz (1973) who fpund that^ visual cue.s were . . 



doBdnant in regulating tne perceptml tr^^^ question of 

whethera change is needed in Adams' (1971) original construct that all 
feedback channels are equally inyblved in the control of movement . 

Educational Implications .-^ One of the primary concerns of teachers of 
motor skills is vhat type of movement cues should "be emphasized during 
learning to improve retention. For most motor tasks , there are three min 
catagories of movement information that can he augmented. These are visual , 
kinesthetic and auditory cues . The two previous experiments attempted in a 
laboratory situation to examine which of these cues would minimize retention 
loss of simple movements over short delay periods. This information would he 
-^useful^fbr teachers because they would he in a position to know which are the 
best cues to,. stress during the acquisition proce'ss.es. ■ ' ^ 

\ ' From the resists it is clearly suggested -that-the^^ e^^ should be j , 

on. combining the^ visiial , kinesthetic and auditory when possible . HoweveijV-. ' 
in 'situations wbere!' only one cue can be augmented; the .findings Suggest t^at 
visual information produces the biggest effect on- reducing retention loss. , 
; ' ^. " Itovement Codes . Propribceptiori is an; all encon5)asslng = te 
represents afferent movement information of the conscious Md subconscious 
type , Visual and kuditory inf ormatl(\n general?^ escapes this categorization 
■ although it is qiiite clear that many,. movements, have visual and audityy. 

consequences. Receptors .which are thought to contribute to movement/ per cep~ 
• tion include organs iW the joints, labyrinths , ligaments , muscles ej^'d. 
tendons. Touch and pressure receptors are also thought to signal" .some move- 
ment information.. The receptors which have been the locus of much neuro- ; 
physiological research are those in the Joints and muscles . While there is 
much controversy regarding muscle receptor contribution to conscious per- 
ception of movement (Goodwin, McCloskly & Mathers', 1972 Granlt , 1970) there 
' Is little doubt among scientists, that Joint receptors perform this function. 



Thus proprioceptive information can he referred to as the conscious . 

■ V- 

sensation of 'movement mainly derived from' Joint receptors. If/ people are 
dependent on Joint information for movemeiii^^sensation, an important 
question to ask^s vhat information can the Joint receptors potentially 

generate? - ^ \ 

. Numerous neurpphysiological studies have undergone attempts to ansver - 
this question,. Skoglund (1956) is generally credited with identifying three 
types of -receptors found in the Joints and surrounding tissue. Two of these 
receptor types, the Ruffini-like endings found in the Joint capsule and the _^ 
Golgi endings found in the ligaments of the Joint , were slow adapting re- - 
ceptors. Vater-Pacini corpuscles, found also in the Joint capsule, were 
rapid adapting receptors. The work of Skoglund and others (Boyd, 195^; . 
--Boyd & Roh'erts,.1953; Burgess & Clark, "1969) indicates that the fast 
adapting receptors fire only when the Joint is moved and are dependent on ' 
direction and velocity. Furthemore,' slow-adapting receptors emft rather 
.steady discharges when the Joint is stationary and thus are dependent on 
the 'held position. Another point of interest is that Burgess and Clark 
(1969'j , Lynn (i9T5) ^<a Skoglund (1956) indidat^ that Joint" receptor activity 
• increases, greatly, when '^the limh approaches maximum extension or flexion. :• 
• -Activity at the intermediate angles is -less. 

. In summary, there is neurbphysiological evidence that, vel^ity, . ■ 

. direction, and position information may he transmitted from Joint receptors':.. 
But physiological evidence is nof . sufficient for/<the central storage of 
joint receptor information (Russell, . 197^*) • In fact, whether this ihfor- . 
mation reaches higher centers responsible for conscious perception does not 
; insure that this information can he stored and maintained in memory. Rather 

■ ■ . ' . 7 ■ ^■ .■■ ^ '■ ■ ■ '■ ■ ■ r;.. 

' "thm'Tdentifying the specific neuronal structures and pathways in the . ^ : 
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central Lervous system,' tebavior4 studies attempt to imcover the processes 
responailjle for storage ahd maintenance of information in memory. Geiaeraliy, 
the information processing technique is one in vhich certain variahles are 
chosen- which are assumed to affect certain central processes (Massaro, 1975). 
If changes in performance accompany the manipulations of the variables , then 
'the^^ure of the processes can he more clearly defined . For example, in 
verhal memory the storage, of information has heen shovii to be dependent on 
the stixnulua attributes available. (Murdock, 197U). • Likewise, the retention 
of mov^itents has been shown to be dependent, on the type of proprioceptive 
informaticsn. available for storage and maintenance processes. \. 

As" far back as the late nineteenth and early twentieth centuries it / 
was realized'that many p6tential proprioceptive cues can arise.from a simple 
. liirib n^vemeut {e.g. Hollingworth , . 1909 ; Woodworth, l899).' For -example both 
Hollingvforth and w6oawo:^h felt that distance or, extent ^infortnation was an 
iB^ortant cue for repix^duction. Woodworth's belief that distance information 
vas a unique dimension for Movement .coding can be captured in^a quotation 
from his dissertation. "There must be a sense of the extent (distance) of ; 
movement. 'a sens^e which is not reducible to a sense either of its -force, or 
pf its duration or .of' its initial and terminal .position (p. 80}..'" Unfor- 
tiiiiately, Woodvorth did'not supply us .with much data to back up his claim. 
Another difficulty with- Woo^worth's assertion is^that there are no k^own 
distance receptors vhich can directly transmit extent information to the 
^ higher centers. " It is possible, however, that 'distance information can be 

derived somehow .from velocity signals. Similarly, a subtract icJi between ' 
.;the beginning and /end; positions of a movement could conceivably give a - 
person a sense of. the distance moved. These derivations would seemingly'. ■ 
56 Uftsed on veiodity or position^ information contr^ to Woodworth's notio;]^,^ 



The point is, hovever» that Woodworth was certainly aware of the possihiXity - 
;tlifft many kinds of cues cLuia be potentially stored into ' memory . With the 
exception of a few okers during' that era (Hollingworth, 1909; Leuba, 1909) 
the nnilti-cue idea la\ dormant for nearly sixty years. 

It is sviggested frtom neiirophysiological work ( e . g . , Skoglund-, 1956 ) , , 

thai- velocity, ^irectioh and. position cues are suhserved by Joint .receptors. 

I ■ - \ . I ' 

Research in the last ten years however, has heen mainly preoccupied with 

' / ■ ''^^ 

•distance- (extent) and location (position) cues. In order to isolate distance 

■ / ■ , \ 

wid location cues the folloVing technique has heen adopted (e.g., vLaabs, 
:'l973i Marteniuk & Ryan, 19T2). After completing the criterion moyement , 
the 'lever of a linear ■positioning apparatus 'is repositioned to a different 
starting .position hy' the/ experimenter . If the subject is- asked to- reproduce' 
-only^ the end location of the , criterion niovement,- a dif f erent distancej must 
he traveled to. reach i^t. Thus' in this condition distance information is not 
readily. ava.ilahle to /he subjec^'." The subject needs only_to_J.tore^_a5d_re-_ 



member the. criterion' movement endpoint . ^ However, if , the subject . accurately 
reproduces the actual distance travelled on the criterion movement,, he will.- 
• necessarily go ^beyond the criterion movement endpoint (if the starting posi- 
: tion is forward)." Likewise, the subjedt will fall short of the- criterion, • 



movement endpoint if the new starting" position is "backward. Under these 
Matter two conditions , the subject ne,eds to stWe and remember the distance 

• 'of "the criterion movement . | : , ■ 

- One of the first studies, conducted; in this 'part' of the project was 
concerned- with the effect of changes in starting positi^ons on the; reproduction 
of distance and location information (Stelmach & Kelso, 19;r3; St^O^ch •&' 

'■^Mccracken,' 1976; seo Appendix). Of main interest was whetherxthe relative . 



changes, in direction and amplitudo of startins positions systematically 
altered error in reproduction when distance or location vas the primary cue. 
The findings indicated that when the location cue was primary, the comparison 
of starting combinations did not produce^ significant differences. The 
procedure ;of- altering combinations of starting positions should have reduced,,, 
the subject's information from timing, speed of movement, and motor outflow 
sources'. This finding appears to support the view (that the subject can 
disregard distance cues when the reproduction of . a terminal location is,, 

required. • ■ ■„•..■ . , 

While the evidence was not overwhelming, the -reproduction 5f a-distance 



appears to be somewhat more susceptible to alterations in- combinations of 
starting position than location. These results can be taken as evidence that 
the /subject has difficulty in using only distanc^l cues. From these data, it 
iappears that both . distance and location cues :aj^4 effected to some de^^^^^^ 

• combinationsr-of starting- position, although: location appears somewhat more . 
stable '-Wianvdistance. The resisi;mice-^of location, and susceptibilitl^i-of ^ 
distance cues to alterations, in starting ppsitions might indici^^ 
information abc^ut location is- encoded at 'a higher le than, ihfprmation- 
about distance. However, when viewk from ';these findings the superior ■ 

Uodability of -location over distance appears to be a. matter of degree . - : ; , , : 
' to that location reproduction' is superior to distance . 

IS gathered in another .experiment performed under the grant . ( St einiach, 
■kLso & Wallace, 19T5,"Exp. 1; 'see •'Appendix)" Blindfolded /subjects' in; this 
experiment were allowed to plan and produce a" r 

• a linear positioning apparatus . . After a 15 second retention interval, >v^ 

" subjects were asked to reproduce either end- location or ; the. distance of . the 
criterion -.movement from a new ^starting ; position. The results showed ^^^^^t^^^ 
- location reproduction was superior to distance- reproduction excejrtj^. f^^ 



...:;.;„../;.., ' ^ .... \ -^o^ 
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movements (0-23 cm) ^ where the reverse Us true. Thus these results are ; 
generally in agreement' with those of other investigations (Laahs, ^973; 
Marteniuk,' 1973, Marteniuk & Roy, 1972; Mdrteniuk, Shields 6 Camphell, . 

1972-, Moxley, 197^+). / ■ 

In summary', it has heen shown that location information- is generally 

better reproduced than distance/information. This suggests that locational 
aspects of moy^ent are a mor/ important dimension for movement coding 
and! it i^highly unlikely th(t location cues can he derived from distance 
inf orma1:ion . For example /Marteniuk and Roy (1972) induced random limh 
movements prior to the arrival of the location to he reproduced. If 

■ subjects were using distance information to derive the final end position, 
. reproduction should b4 quite poor because the .actual' movement -path was ' 

highly, .disorganized^ The results indicated that 'reproduction in -this ^ 
" -condition ;was- identical to .a condition where random movements were not 
imposed on the-^/ubJect. This finding. suggests that: what is needed by tbe: 

■ subject. to-rep^oduce -location is Information reg^ardlng the specific endpoint 
The questio/'is; what" kind pf ' information? ' '^It has-been" shownthat there. : 
are rather direct neuronal linkages between Joint receptors ; and the 

- sehCri/motor cortex (Mountcastle et al-. 1963). It may- be that the proprio- 
centive- location information- transmitted by- these linkages is stored during, 
,the' criterion movement and' later recovered during'the reproduction movement. 
:^is' would suggest that location reproduction is greatly dependent on 

^' speci-fic proprioceptive information which was generated from the criterion^ 

■ Tgducational Implications .' The basic problem for motor- skill research ; 
" ' is to uncover the sources of information used by the learner d.uring acquis i 
tion. ..While there are m'any .information sources that surround _performajice 
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that a^^ the learjaer,^rthe most iu^jortant is perhaps the, : ,s 

iafonnation from the movements themselves. When a learner makes a movement 
and is asked to reproduce it, what did the learner abstract from the 
original movement that allowed him/her to make an accurate reproduction? 
To examine: this question, behavioral scientists have forced the learner to 
be dependent on two different movement characteristics that suhserve kines- 
tliesis : movement ehdpoint infbrmation, dynamic movement informnt si (amplitude) 
or both. At issue is which of these sources of information can contribute to 
better-retention. : To .put it another way , what should the learner attend to 
during the movement to facilitate retention? BesuLts obtained have shown 
that movement endpoint information ' is a very dominant aspect of n^ovement . 
"reteiation. While these .findings stress the importance of location cues, 
they;, have also implicated a role for movement- amp:]Litude information as they 
can also be shown to contribute to ret ent ion accuracy. These findings have 
deepened our- underst^anding of how we<learn_jnd_controa^ , .W 

The target hypothesis was origin MacNeilage (19T0) toj 

^ overcome a perplexing problSn in Vspeech p^oduc^ The basic problem whijjih 
^^bewildered MacNeilage was hqw the human cQTad positio the ^articulators t^ ^ 
-a required location. specific to a given phoneme from virtually any starting 
position. For example i how is it that we .can position pur articulators^ ' 
(lips. Jaws,, tongue) to utter the phonW-."p'^ when this // 

phoneme is to be produced (e.g. , pirf, spin, slip.)?. As Russell (l9Tlt), ' 
notes "ignoring the rate-related differences, the problem of -sequeni^i'ally 
accessing in memory the correct set of coramanda to ^produce a required ^ 
utterance seems, enormous" (p. 5). Although the target hypothesis' does not 
explain the learning of art iculatory., posit ions .f locations, it 
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does atlggest that phoneme locations are represented in memory as poin-cs . 
within a three-dimensional coordinate system. The production of a given 
phoneme involves the cognition of what to produce as well as the spontaneous 

-generation-of a-movement-to-a-given -location- within -the- coordinate criterion - - 

movement. The assumption was that the suhject should receive more accurate 
location information, the longer he -remains on the designated position. This 
assumption was haaed previous findings which indicated the potency of loca- 
tion duration on location reproduction (Wallace & Stelmach, 1975; see Appendix) 
It was felt that if the\ sut^lect was using location information from the starting . 
and-iixtfishing points of the criterion movement in order to derive distance 
information that location duration manipulations should effect distance re-: 
production. The results were disappointing in^that n6 strong location duration 
'effects were fiund in any of the experiments". The failure "to demonstrate the' 
potency of this variable in W 'stance reproduction does not necessarily reject |; 
the notion, that location cue^_ aid .distance reproduction. . It may he .that ^ust 
a few milliseconds of exposure\is sufficient to encode location information in 
a "distance reproduction tasi and our minlma3- exposure conditions were- from-_ . 
_ 300-UOO msec, in durution . At the present ti=:a , two experiments are.- 
heing conducted which- further examine the possibility that location- information 
contributes to distance reproduction.' ,, r 

li. -.- Response biasing . Skilled activity, usually- involves, the coordination 
of numerous movement pattjlrnTin the ifoper-spatial-Aemppral or^e^^ is there- 

fore' quite common for a given movement to be preceded or followed by another^ 
Difficulties may occur in accurately retsdning) a movemeirt in memory due to the , 
influence- of- interpolated movements. Some\ interpolated mov^ents that deviate 
from a criterion response have been shown l)o produce sizable directional shifts 
in the constant' errors at reproduction. If an interpolated movement is of a 
greater extent or intensity than the criterioA; reproduction error, is influenced 
in the'poaitive direction. Siniilarly, if>an interpolated movemenVis 



Went or. intensity, constant error reproduction is shifted in a nega^tive ,. 
manner. This response l)iasins-"effect has" 'rec'eived considerable experimentation 
during the project and the following discussion sunmarizes this work and related 
vork from other investigators. 

Directional response ibiasing has "been found in several studies using posi- 
tioning tasks. -Craft & Hinricks (19T1) examined this phenomenon by systeiaatic- 
ally varying the similarity of interfering movements exebuted prior to or after 
.the criterion response. The length of the interfering movement produced signif- 
icant shifts in constant error with response biasing being inversely related to 
the similarity !of interfering movements to the criterion.' ' An experiment per- 
formed in my laboratory "(St eUnach & Walsh, 1972; see Appendix) using a lever 
positioning task showed that a single interpolated movement was a potent ■ 
variable in producing response biasing. The interpolated movements were 33" 
or 1^5° beyond the criterion targets or 35° or li5° less than the, targets. This 
experiment, demonstrated that the "longer the subject remained at the inter- 
■ polated location (5 or .20 sec) the greater the response biasing. These results 
were interpreted to indicate that the increased biasing 'ove time was due to 

''f ■■■ " . . - ■ - ■ '" ■( ■ ■ ■ ■. ■ '''v^ ■ ■;■ . -]■■■.■■' 

the criterion memory trace; decaying and b susceptible to inter- 

^ ference from an interpolated memory t^^^ relative decay state, 

between the two memory' traces was v/ewed as determining the amount of response^ 



biasing. ., , 

In a subsequent experiment t/o examine the foregoing interpretation , Stel- 
"is^^W^aWCl^TST^e^Api^dy^^ duration andi location, 

aspects 'of the interpolated movements Vw^^ interval. The rela- 

tive state interpretation would predict that as the temporal proximity of the 
' interpolated moTement to /reproduction increases ,^^^ 'r biasing should in- 

cifease in magnitude. The results shciwed that positive response biasing was 
associated with the iWr movements , and temporal order effects were foiind 



/ 
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for the two longest retention intervals . "When the prebiasing interval was, held. . 
constant (postbiasing left to vary), the positive error shift tapered off over 
time, suggesting' that when the ^interpolated trace is allowed to decay, the 

amotmt of biasing decreases. 

^ Temporal order effects like those Just reported have also been reported by 
Herman "and Bailey (1970 ) and Patrick (l97l). In both of these studies, the 
shorter Jhe interval between the interpolated movement and the crit^^rion, the 
more resjonse biasing was -found.— -In' ^the latter study, one delayed interpo- 
lated response produced as much biasing as five repeated movements of. the same 
extent . These recent findings lend support to an interpretation that can., ^^ - v 
account for the relative decay states of the criterion and interpolated 

memory traces, : ^ '"\^ 

In a further test of the relative de'cay state hypothesis, Stelmach & Kelso 
(1975; see Appendix) attempted to: strengthen either the criterion or the inter- 
polated response to examine if memory trace Strength was ',a factor in the", 
magnitude of the respWse biasing.. ■ Augmented feedback in the form of added- 
visual aid auditory cues and heightened kinesthetic cues were used to manipula:t 

trace strength.'. The relative state hypothesis' would predict that . response 
' . ■ ' . ■/ . - . 

biasing would be decreased or increased 'depending on the strength of the en- 

1 ' \ ' ' 

terion or-.interpolated memor^ traces. The weaker the criterion trace at the 



time' of the interpolated act;, the, great er-the^int erf erence- effect should be. 
- ItenoV tra^e"strerigth as manipulated produced considerable change in the con- 
-stant errors and markedly reduced variable errors. 

Response biasing has been found to be influenced by the magnitude of the 
interpolated response, by the time spent at a deviarit location, and by the , 
' temporal occurrence of an interpolated movement . , These findings taken to- 
ge'ther seem to, indicate a peripheral mechanism. 

'Evidence'for a central mechanism, is sug'gested by Trunbo et al-, (1972) 
vhp found that increased response biasing was associated with preselected and 



ll§misj^-'st<m^, xnovementa ;as:opposed ,to:.er^riieriter-s^opped:^.^ 

reproduction, it may iDe postulated that they possess a stronger represent 
' ■ tation in memory. As. such they may provide a means of examining the locus of 
■ ' response hiasing effects in STMM (Laahs, 1973; Pepper ^& Hermsm, 19T0). - 
During this project, I attempted -to .show that the preselected or subject- 
defined movements are better represented in- memory than constrained or exper- ' 
imenter-defined movements .and thus may he more resistant to response 'biasing \: 
■ "^^^ef facts (SteUoach, Kelso & McCullagh ,^ 19T6T see Appendix). In the paradigm^;-;. 

: of tlie second-experiment the. criterion movement (CM). vasjmade_ under either - 

; • preselected or constrained conditions while the hiasing movement -(Bl) wa,?, ;; 

always made in the constrained mode. On -the Jsasis of the "relative trace 
strength hypothesis, a reduction in response hiasing would be predicted in the 
. preselected-constrained, CM-BM combination relative to a constrained- , 
constrained condition. If pteselected criterion movements evidenced lessi. 

'. " constanrerror'shiftsThan^coliitl^^^^^ hiasing coi5id . " 

^ , - . - ■ 

\' \ -be infe:^^ed. However, since _ both preselected and constrained movements evi-, • 

denced similar biasing effects, a peripheral interpretation was suggested. . , 
i ; Some as3Uii5>t ions regarding centriL and periphei^~interpretations of 

response biasing'^effects may be outline-d; i^^ the follovrtng maimer. A periph-, 
eral interpretation would assume that biasing is a result of interference 
between the movement cues generated from criterion and interpolated biasing 
movement' production. Such a position would require that biasing be a 
' direct function of the overt movement cues generated. A central interpre- ' . • 
tation on the other hand, assumes that response biasing is a result of ^ 
! interference at^some higher processing level. An alteration of biasing 
effects as a function of attention aUocation or decision-making processes : , 
, " support a central position. Interference .occTjrring at the, rehear sal' - 

•"]: / hr retrieval stages would likewise support a central locus of response , ; 

ERJC ,;. .Biasing. - nn ' 



Three experiments_recently"performed. during the project were conducted in 
an-ef'fSrt'ferdifferentiate between central and peripheral interpretations of 
response biasing. o(Stelmach, in preparation; see Appendix) . - Qiperiment 1 
entpioyed a pre and post-cueing paradigm sirdlar to Craft (1973) and Craffft 
Hinrichs (l97l). A central interpretation vwould be strongly supported if pre 
cueing reduced the magnitude of response biasing. Experimenjt 2 similarly , 
attempted to eliminate interference ' effects from' an interpolated biasing ; * 



inovement. Efficient, storage of tl^e^ biasing movement was disrupted since sub- 
.'Jects were required to perform information reduction activity during, inter- 
polated Wement presentation. : Pre sumabU^, if 'the biasing movement 'could / 
not y?e. central^ly encoded and stored, then no interference wo'uld be/expected 
if biasing was of a centrai- nature . Experiment 3 att^ted to indite re- 
sponse biasing effects" when no interpdlated movement cues were= generated. 
•Evidence- oT biasing in this situation would provide stroAg support for • a 
central interpretation. The resultsof all three experiments generally_ 
supported a peripheral iij^'^rpretation. In Experiment l , pre-cueing the 
subject as' to which movement to ■attend failed to reduce -response biasing. 
Presumably the subject had the^oppoiinmity: to diff^ 'focus : attention 

on the criterion' moveAent and'to directlY-foBget the bi It 
is pdssible/how^ever, -that subjects majir have been encoding or attending to v 
the to-be-forgotten movement. In Experiment 2. Wem^^^ cues to an inter- 
polated' biasing target were also generated but storage was assumed' to be , 
blocked by high information.load,. interpolated processing activity. If. the 
central processor is occiip^ied .diiring.;biasing ioyementvp^ then 
; ? interference' would., not be ejcpect ed if • th^ biasing locus was central . This 
' effect iLso did not materialize even though 'it was found th^t reproduction 

... . ■• i^' ■ ■ • ■ ' . ■ .- ■ ■ ■■ . ■ ' ■ ' ■ ■' ■ ■■ . ■■ ■ : 

- of biasing ^vement was severely disrupted. 



; ■ Ebcperiiienta 1 and 2, movement cues to the interpolated target • 

vere- generated tut the experimental manipulations attempted to reduce hiasing 

"by cueing suhjects' as to vhich movement iv^as to he reproduced (Exp. l) or by 

preventing hiasing movement storage (Exp.' 2). The third experiment attempted 

"td" tnduce^response hiasing in a situation when no mbvement cues were gener- 

ated. After criterion presentation, suhjects concentrated on an interpolated-; 

location which was well represented in memory instead of ac^tually moving to 

the interpolated location (Imagery). A movement group , in which suhjects 

actually moved to hoth the criterion ajid hiasing. targets, - served" as a control. 

If directional error. shifts were^ found with the Imagery technidue, it would he- 

\^ strong support for a central locus for hiasing since no peripheral movement 

■ cues lere ^generated for the interpolated movement. The- results supported a 

peripheral mechanism in that no hiasing, occurred in the Imagery condition. _ 

Thus taken together, the evidence points to peripheral mechanisms or overt 

movement cues involved in response hiasing effects rather than central mech- 

'anisms.'' However, more experimentation is needed, especially in trying to ^ 

^manipulate the ■ central and peripheral components of.. movemen^^^ next 

.section attention is shifted to e^eriments performed in my laboratory which^ 

-' have'be'en desired to uncover some, central agents of motor control 'and memory. 

Tl^iic ^ional 'implications . It has heen loiown for many^years that, move- • 
i . ■,..'■< ; .-v ; ; 

ments are susceptahle to. interfering activity. This part of, the project 

attempted to examine the specific causes of this interference. The sug- , • 
■.,gestion from these studies is 'that interferehce is of a peripheral origin. 
■ While if is. difficylt. to generalize, if these findings hold up to extensive ■ 

-.scrutiny.'the implication is that movement. per se causes response hiasing^and; 

, ttat movement should he kept to a minimum during learning. ' The aLount of 



ceatrfll' Involvement assbciated.T^ith the interpolated movement appears to 
cause minimal interference. , The implications for the" teaching of motor 
i skills are otvious.r V ' ' \ 



B ^ • Central .'Coisponents ' 

,; .; • Pre^^^^ important contributor to inovemeut retention not 

necessarilr exclusive of peripheral information is prior organization of a 
movement. . A num-ber of recent studies have demonstrated that a planned or ^. 
preselected jmoveaent ;,is -better reproduced than a constrained movement (Jones , . 
I97UV MartenixOcV 1973) . In the preselected condition the {jriterion movement 
is 'defined by'.the, subject and thus has the ahiaity to. predict the conser ; V 
quences of the.^movement prior, to initiation. . The above findings can be . 
i'nterpKeted. as support for the corollary discharge hypothesis (Teuber,' 19T1+; 
Sperry 1950). This hypothesis states tliat in preselected movement production 
the central nervous system^, sends information from motor to sensory centers j 
\:preparihe them for the sensory' consequences of 1;he movement . Thus , corollary 
■discharge is unique to active, preselected movements and possibly allows ^ "^he , - 

central nervous system to efficiently encode the proprioceptive information. 

"x^ . ■ . ■ .\ ' -' ■ ' ■ . 

The foregoing interpretation is less extreme than proposed by a number of " 
■ ■ . .0 ■ ■ " .\ ' v., ' ■ '- ■ ■ ■ ■ ■ ' ' ■- 

■ other investigator^ '(Festinger & Canon , 1965-; Jones , 19TI+ i Lashley I9IT ; ; 

il951- ^lacWeilageViacNeilage, 19T3) who have suggested that when the central 
i ^nervous system can predict the. characterist ics of the motor : act afferent • 
'Ini'drmatiori does not play a dominant role. , ' 

.1 A' recent series of studies by Jones (19T2; 19jh)\ for 'example, suggests ■ . 
th^t p^prioceptive feedback i^ of little importance in movement coding. 

■ Borrowing from Taub and Bennan's (1968), teriidnology, Jones has argued that ' • 

■ the central monitoring of tefference (CME) is the primary determinant for . 



retention of 'simple motor responses . According to; Jones , when a subject ' 
: makes a •voluntary movement "as rapidly as possible>^ the resulting efferent 



discharge Is centrally, monitored and stored afe an ef^erence copy; (von 
•■'-Hoist 'i 195U)', which is thought to be a motoiSmemory storage system oper- 
iating without the requirement of peripheral feedback. The support for^ 



Joaes* central monitoring of efferenc« (CME) comes from the finding that 
siAJectB can duplicate voluntary movenents (subject-defined) more accurately 
than constrained or 'passive movements. . Under the latter qonditions^" vhere 
' the -aubject moves to an , experimenter-defined stop, it is argued-that the • 
subjects are dependent on Joint inflow since they lack the opportunity to 
make axpreset movement. Thus', because proprioceptive feedback has„."no , 
access' to central mechanisms" (Jones , 19T^, p. 38) memory loss occurs. 

While Jones V> hypothesis raises some important theorietical issues, it fails 
to accomodate iauch of the literature in short-term motor memory (STI^M) in- 
dicating that- terminal location information can be retained under constrained 
conditions (Laabs , 1973 ; Marteniuk , 1973 ; Keele & Ells.. 1972 ) . In addition , 
and contrary to Jones .interpolated processing activity during a retention 
interval^ leads to an increase in reproduction error, suggesting that main- 
taining location aspects of movement in memory requires central capacity. ' 

One of the main arguments for CME as opposed to proprioceptive location,, 
cues rests on the finding that subjects duplicateWement extents (i.e. 
. distance) equally well from variable and constant starting' ppsition&^ones, 
I97U). Hence, -as long ^as the" efferent commands for movement extent :are\th'e 
same for .'criterion and /recall movements no deficits in motor reproductionX 
occur .regardless of initial starting position. But what 'happens when the 
subject is forced to generate a different efferent output at reproduction 
■ from that employed in the criterion movement?. This question provided the 

iinpetus for a, recent series of experini^nts performed in my laboratory 
' (Stelmach, Kelso & Wallace, 1975; see Appendix).^' ^ 
: T^^^ of the series examihed the reproduction of either 

the endpoint or the distance of . a rapid voluntary ( preselected) movement . 
It -was argued that the former condition, by rendering distance unreliable 
would, require the subject to a?.ter the efferent output for the reproduction' 



inovernentV According to Jones' (197^^) hypothesis , this procedur'e gho^^Ld re- 
suit in less accurate reproduction, vhile distance reproduction should be 
'superior since the motor/cjutflov for movement extent re a reliable cue. 

for reproduction The results ndlitated asainst the Jones' hypotheses ; the 
location condition evidencing, relatively less variability and absolute error 

after a 15 sec. retention interval. This finding vas congruent with studies' 
in STMM (Laabs, 1973; Keele & Ells, 19721 Mart^^^^^ & Roy. . ; 

1972) and suggested that proprioceptive location cues ' were primary for accu- . : 
rate reproduction. 

. A subs^q.uent experiment examined the latter "interpretation by comparing 
: locatio/ reproduction urider pre|elected, constrained and passive modes; the 
-^tio4ale being that if location cues were primary, the response mode should , 
no/be|an- influential factor. However, the results revealed that providing^,: 
.){he subject an' opportunity to preselect 'a location prior to WeK^nt initi- 

ation; was a determining element of reproduction accuracy. A third experiment 
■ verified\this and also showed that the processing requirements of preselected, 
•constrained and. passive location were similar. This finding agreed with much 
•.'.of the literature but was contrary to Jones' (1972) argument that proprio- 
ceptiye information fails to access central processing pechanisms^ 

• Viewed overall, our results to date^refute the notion that centraTmo^i^ 
toring i,f efferehcV is a ''ne.cessary and sufficient 'VCJon^ condition , 

for the coding emd . retention of voluntary movement however, led v 
■■ us 'to an important phenomenon , which as yet. seems to have esbai)ed the theo-- I 
. retical .-attention of researchers in the; motor memory .and control domains . " ■. 
We^fefer to this phenomenon as "preselection," the availability of ^ich; / 
appears to allow tlfe subject to internally or^^anize or "plan" his resporise 
(Gellanter. Miller & Pribram, i960) prior to movement initiation. The role 
of preselection, which clearljr has. -an ovenrheiUiiing influence oh our previous 



^^data^^ould seem to fowe^ a^^^ theoretical im- 

port ance. for luotor control. \ / . ^ 

The Diillt of studies const ^-aine'd movements have indicated -that dis- 

tance information' unlike location-.- fades over time and is unaffected ty 
inteipolated processing activity (Laabs, 1973). This finding suggested that ' • 
distance information does not require central processing capacity and, along 
with physiological evidence derived from Skoglund's (1956) wrk, has led to 
the conclusion that di stand cues are, in fact, "uncodahle" (Marteniuk & Roy, 
1972). On the ol^her hand, a. more recent study, hy Marteniuk (1973) has found 
'that distance information may; he retained over time and is subject to inter- 
polated processing^ effects. The discrepaiicy between this finding and those 
earlier may be due to the response mode of the criterion presentation . ^ That 
is , While previous e:cperiments used constrained, experimenter-defined move- 
ments, Iferteniuk's (1973) subjects were allowed to define their own movement. 
It may be that. the coding characteristics of experimenter and subject- 
defined (preselected) movements are different, thus accounting for the dis- • 
crepant distance findings. On the basis of Laabs' (l973) model, however, 
.•distance informatidn should spontaneously d^cay over an ^mfilled retention ^ 
interval and not be^affected by interpolated processing activity. Such 
should be the case regardless of presentation mode. To assess these differ- 
ential, predictions , we examined the retention of distance information under 
three modes of presentation, preselected, constrained aoid passive' (Stelmach 
& Kelso, 1975; see Appendix)." - The results showed that preselected disUnce 
'information was better reproduced than constraine^ and passive. However, the 
groups were not differentiated by the retention interval manipulation. Thus 
• although, preselected distance. reproduction was superior, filling the retention 
' interval with interpolated processing activity had" similar effects on all 
■ conditions'.- It does not '^appear, therefore, that pr'eselected distance requires 



W no^re central capacity than conetrained or passive ..distance, in spite of 
the fact that it seems to have a stronger representation in memory. ■ 

.One further point '-should he' emphasized from the present e:cperiment. Conr 1 , 
strained ^d passive distance reproduction vere "both retained over a 15 sec , 
period and vere similarly affpcted hy interpolated processing activity. 
These findings are in direct contrast to those of laal^s (1973) and , suggest 
that even constrained and pass.ive distance can he retained over' time and-do^ 
reWre central capacity. A recent study hy Dievert (l97l^)' has shovn the same 
result. These findings- suggest that Laahs' model of tvo distinct storage 
modes in memory, one 'for location and one for distance, may have to he reap- 
praised in favor .of an interpretation focussing on the central representation ^ 
ofhoth distance and location cues. As Marteniuk (1973) has suggested, it 
• may he that hoth cues are centrally represented', hut in varying degrees of 

' exactness . ' 
/ '-^he preselection results of this experiment and previous" studies has 
sho^ it to have an overwhelming influence on memory representatiori . The 
question ^is, why? Clearly the notion of CME put forvfard hy Jones (l972-. 
19Tl») is unahle to account for the findings, hut this may not necessarily rule, 
out the possihility of an eff er4nce-hased mechanism such as the previously 
discussed corollary discharge. Here the emphasis is on facilitating the 
coding 'Of sensory inputs hased on a predictive signal from motor to sensory 

processing centers. 

The coding o^ movement has typically heen confined to studies in which 
^ the emphasis has heen on sensory information as opposed to central organi.a- ' 
' i:ional processes . In active, voluntary movement, these may take''the- form - , 
■ of the "motor plan" (Gentile, 197»^) being forwarded via such a mechanism as , 
••^orpllaxy discharge, to sensory processing centers where it ^ can he compare'd .^• 
.' : vith'-incoming ' inputs . Thus , under preselected conditiots , , ^ensoi^ processing: 
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centers would be prepk^d to receive peripheraJ inputs, while vii^h constrained 
movement this not be ^ssible' sinqe no prior information is available 

regarding the temdnal locus of\he movent. The operation of preselection y| 
vould therefore be to facilitate the encoding of information which in turn ■ 
could account for the greater central representation of preselected, movements.:, , 

On the other hand, some have argued that because subjects in the volun- 
tary, preselected condition are allowed to choose their. own movements, they V| 
.liave more "task related" information than subjects in constrained or passive 
-Conditions. SuchHnformation may allow subjects to formulate "images" •- 
(Posner, I96T) or "plans of action" (Miller et al.. 196O) , which would f^cil-| 
itate retent-ion (Marteniulc,_19T-5) • These strategies would not fall within^ 
strict definition of efference. 

The principle behavioral- method adopted to determine the unidue role of - 
movement informaiiion derived from central and peripheral sources has been to 
experimentally manipulate active and passive movement. The basic argument 
is slAple: " namely, that efferent "outflow" information is available when a 
'subject moves actively, but is unavailable when the subject is moved passively 
by the experimenter or some mechanical device. Thus, a superiority of active 
reproduction supposedly reveals. the contributfon of an efference-based 

mechanism, . / , , 

■ The impetus for the second experiment was therefore to isolate the contri- 

butions of the efferent ^component and the planning component of movement. The 
latter has received minimal theoretical attention in spite of its potential. 
^'iB^ort^mce (see lliller>et al. , I96O, Chapter 6). * Weurophysiological data g 
'indicate" that the structures involved in planning a movement, and those in- 
•volyedin generating motor impulses (i^e execution) are^not the^^same (Allen' 
'"^ "-^an-d Tsuiahara, 19Tl^-. 991-993)i functionally, however the^ebompohents hajr^. 
''yet\ to" be- separated in terms of their contribution to movement c<^ding.,_^^ . , , , 
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S;., VT^^ differentiate the tvo positions iDy eml 

^i*!^ ^^Sard to hypothesized outfleir 
•,;^:;,:4inforIDation- (active vs. passive) hut were similar with regard preselection, 
M^^^^^^^^ potential movement strategy. The pre ^ 

- manipulation were quite clearcut. 
,: :.r./;;-binci ^ preselected, and passive preselected ooii- ■ . 

W U;d movement, there should have heen no 

differences hetween the reproduction responses in the two conditions provided 
,, ■ the superiority:^ to the availahility of a higher order ■ 

cognitive plan. On' the other hand 
. -: " coroU'aiy discharge role (which is" u^^ active, self-prodUced movement) 

.the active preselected shouia he superior to the passive preselected condition, , 
" • since the latter 'lacks the ,motor-.tplsensory outflow which prepared- sensory 
systems to process, inputs > 

;4 :V The r^^^ of no henefit unless the subject . 

actively implemented his planned, m The implication from these resvlts 

was th^t' the. "higher order,, planning process" (Marteniuk. 19T5) vas insufficient. V 
in itself to facilitate retention. ^The addition of en efference-hased mech- 
anism operating in voluntary movement appears to he necessary. It was also . 
•interesting that the efferent component appeared to he of lixtle use when 

■ the r^uhj'sct had no idea of where -the terminal location of the movement was, ,^ 
These- data supported our view that preselection may involve an internal 

■ "output" code such as corollary discharge ^Teuber, 1972; Sperry, 1950) in ■ ; y 
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Bfik^5^&-vhich central information flows from motor to sensory systems presetting them . 
|§f ij^- ^ifor the anticipated consequences of the motor act. Thus7under preselection^ . 

. sensory processing c4nters would he prepared to receive periphery.?: 

llilBpiiiatioh^^of;pr^ele^^^ 
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- .•' • If, prior. response orgajaizat ion facilitates. movement coding, it might _be ; :: 
p^redicted that preselected movements vould be less dependent on peripheral in-. . . ; 

V puts tliwi ' constrained movements. It is mjr position that since in the con- / . 

^"•'^^^inda^coriditiori^ they^are going until arriving-:; . .: : .;^ 

af. the target , they Jiave no efficient, output code; .therefore, they should ^^e^.^^^^ ; ■; 
.. • input'C sensory) oriented and henefit-from exposure|to the endpoint. On the 

othei^ hand, in the pre select ed condition subject l^should be less input , ..^ 

. Moriented; since they have an -a^^ yde (efferent coinmand) and '.['y^^^^^^^^^^ 

' ■ benefit lesk from endpoint exposure.;- . We atterapied to demonstrate this in twpV 
y experiments recently, performed in my laboratory (Wallace & Stelmach, 19T5; 

see Appendix) . Experiment 1 A^as "conduct e^;^^^ whether endpoint : - 

. diu-atioh influences reproduction accuracy this expei^ment , subjects 

- r rested on the criteripn W a constrained movement for less, 
•': - than one' sec,' 2 sec and 5 5ec and' reprodu/ed the criterion\inovement imme- 

. .aiately or'lrter a filled or ukfilled.isfsec'' retention inteVval. The results ; , 
showed„a clear effect of endpoint duration in that reproduction following .-^X^ 
^ 5 sec of endpoint exposure vas signif i^cantly better .than -(Then the, subject 

immediately released the handle. . Thus for constrained movements, reproduction .. 

-■■■/'■ 

vas more accurate the longer the ej^osure to the criterion' movement endpoint. 

. . . . . » . : " ■ 

In E^cperiment- 2, both const rainedfand preselected reproduction vas compared 
■ ,., ,as a function of the three- level^s, of endpoint duration used in Experinent 1. ^ _ 
■ . As in Experiment 1, constrained reproduction, vas greatly enhanced by resting'^ ^^^^^^^^^^^^ 
,^^'7on the criterion movement endpoint- for longer durations. IWever, preselecjted 
|;f reproduction vas bnly mrginally affected: Thus it vould, appear^ that knowing ^ 

ftiilitl^elmovement in advance allovs for better encoding of peripheral information, , 
HBSlSSSiidi^g consistent with the corollary discharge hypothesis. ; 
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prior to the production of the reproduction moveinent . That is , is some time . i; 

■reauired to organize i reproduction moveinent . One way to test this notion is ^ 
to engage ^the suhject jin an attention demanding task during- the retention • . ;4 
interval and vary-- the' time allotted for response organization following the 
cessation of activity ^ If preselected movements ^require more time to. re- '. ^.^:r| 

organize a reproduction movement than constrained, then the duration of time \ 
folloving the cessation of a rehearsal prevention task should he a potent . ^ . _j 
variable. The. findings of a study performed In my laboratdry (Stelmach, un- .. • 
published ^ see' Appendix) suggested this possibility. Pireselected or con- ; ; : 
strained movements were reproduced either immediately or 3 9.eC: after' a 15^ sec . . ; :p| 
fimed retention interval. Only preselected reproduction was aided hy the ■ . ■ , 
3 sec time period prior to reproduction suggesting that preselected response^. ■ ' : 
organization occurs to a greater degree than in constrained movements. / ; ' i: 

Educational Implications. . Typically, physical educators attempt to im- , : ' .; 
prove both learning and performance by focussing attention on proprioceptive . - 
cues and awareness. It' may weir be that certain tasks need to be taught with., 
attention to such feedback information. However, a perusal of the physical . ^ 
Education literature fails to reveal any consensus" as tp the contributibns , ; 
of proprioception in^the acquisition and control of movement. 

' The results of this sLries of experiments suggest that useful information 
is available to the' performer prior to movement, 'it seems feasible, there- ^ 
fore, that the performer's ' attention should be focussed on what he/she. ' - -:| 

"intends to do, rather than merely directing attention to the sensory con- : 
comitants of the completed act. Thus, it may be a more efficient teaching, 
ii|tr^e^;:tq;;est ablish ; int,^^^^ 
. ^ ' - stressing the utilization of proprioceptive feedback. An example of such an ;';|||jg 



S'^ .'"■'r: >^, ' a:4roach'is the' Suzuki method of violiS teaching (Pronko, I969). "Auditory ^ 




FOOTNOTE 



i-^ °^ ^ sphygmomanometer 'cuff to 

;jt4?uii.et^ieTia, the pressure of «lvicb is laalntaiiied S»8 systolic blood 

\pressire (l86nim.Hg-) thus Y^nderins the linib ischemic distal to the cuff 
'(lAszi<5,& Bairstow, 19Tla). . \ \ ^ - ' 
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